Introduction {#sec1}
============

Lumbar spinal stenosis (LSS) is defined as a degenerative pathology leading to anatomical narrowing of the spinal canal, foramen, or lateral recess. This may produce a constellation of signs and symptoms known as neurogenic claudication.[@bib1] It also represents the most common indication for neurosurgical consultation and spinal surgery in patients older than 65 years of age.[@bib2] The estimated prevalence of LSS has been reported as ranging from 1.7% to 13.1%.[@bib3] Several factors have been known to contribute to LSS, of which congenital factors play a dominant role. Kalichman et al.,[@bib4] in the Framingham Study, found that congenital relative LSS was 4.7% and absolute LSS was 2.6%, whereas acquired relative and absolute LSS was 22.5% and 7.3%, respectively. Due to a lack of high-quality clinical evidence, the latest systematic reviews are unable to conclude whether surgical treatment or a conservative approach is better for patients with LSS.[@bib4]

However, common practice is to advise conservative treatment to all patients with mild-to-moderate symptoms followed by surgery for patients with intractable symptoms. Currently, the standard surgical management for LSS is single- or multilevel decompressive laminectomy.

Biomechanical studies have shown a correlation between the extent of decompression and postoperative instability.[@bib5] It has been postulated that degenerative spondylolisthesis may worsen following decompressive surgery, which is theoretically true, as we are taking away one of the supporting walls. However, the effect of spinal instability on the outcome, following decompression, is still controversial.[@bib6]^,^[@bib7] As of now, no conclusive guidelines are indicating whether treating these patients would be more effective with or without fusion. This paper aims to create recommendations for when fusion surgery in LSS is needed, the different types of fusion techniques that can be applied, and their outcomes.

Methods {#sec2}
=======

Three expert spinal surgeons (S.S., A.B., M.B.) reviewed the literature from 2008 to 2019 on the role of fusion in the treatment of LSS using PubMed, Ovid Medline, Cochrane Central Register of Controlled Trials, and the Cochrane Database of Systematic Reviews ([Figure 1](#fig1){ref-type="fig"}).Figure 1Flowchart for manuscript selection of the last 10 years. LSS, lumbar spinal stenosis.

Using the key words "lumbar spinal stenosis," "lumbar fusion," "lumbar decompression," and "lumbar pedicle screw fixation," the search revealed 490 papers. Papers that were not in English were omitted. A total of 48 studies were shortlisted for comparison between cases with lumbar decompression alone and those with decompression with fusion. Of these, only Level 1 and 2 evidence studies were included with the following proposed selection criteria: 1) greater than 50 patients, 2) a randomized controlled (RCT) trial, and 3) a minimum of 24 months follow-up to assess outcome. Studies not meeting these criteria were excluded. Based on these characteristics, only 3 RCTs were identified, with Försth et al. performing the largest RCT. On the basis of the most significant literature, the panel drafted 10 statements that were presented in Milan in November 2018. After a preliminary voting session, 3 statements were excluded due to a lack of evidence. The remaining statements were then presented and voted on, at the committee meeting in Belgrade in March 2019.

During the second round of review, the questions to answer were as follows: 1) Is facet joint effusion an independent marker of instability? 2) Is it predominant complaint of back pain sufficient to justify fusion? 3) Does a bilateral facetectomy of more than 50% and discectomy warrant fusion? 4) Does stable spondylolisthesis with no back pain warrant fusion? During the second round of the review, due to the paucity of Level 1 evidence studies, we isolated the same 3 RCTs, which were then compared.

LSS: Radiologic Diagnostic Criteria {#sec3}
===================================

Prompt diagnoses are important to classify LSS and determine the confounding factors in the selection of surgical interventions. Although there are no standard criteria on magnetic resonance imaging to diagnose LSS, some studies consider that an anteroposterior canal diameter \<10--15 mm, cross-sectional area \<75--145 mm^2^ as the cut-off values to define central stenosis. It is reported that the height/depth of lateral recess ≤2--5 mm, and angle of lateral recess \<30° are required to define lateral stenosis.[@bib8] In a large-scale study with standardized measurements to determine the magnetic resonance imaging criteria for developmental LSS, the results suggest that developmental LSS can be defined if the anteroposterior canal diameter was at L1 \<20 mm, L2 \<19 mm, L3 \<19 mm, L4 \<17 mm, L5 \<16 mm, and at S1 \<16 mm ([Figure 2](#fig2){ref-type="fig"}).[@bib8] Several studies also reported the importance of "sedimentation sign" (SedSign). A positive SedSign is defined as nerve roots being located in the ventral or central part of the dural sac, as seen in patients with severe LSS, whereas a negative SedSign is defined as all nerve roots being located in the dorsal part of the dural sac ([Figure 3](#fig3){ref-type="fig"}).[@bib8] Barz et al.[@bib9] concluded that the reversibility of a preoperative positive SedSign was demonstrated after the decompression of the affected segmental level and was associated with an improved clinical outcome. A persisting positive SedSign could be the result of incomplete decompression or surgical complications. A new positive SedSign after sufficient decompression surgery could be used as an indicator of new stenosis in previously operated patients.Figure 2Shown is the lumbar canal diameter (normal vs. stenosis) A = transverse diameter of spinal canal, B = anteroposterior (AP) diameter of spinal cord, IPD = interpedicular distance, and R = lateral recess diameter.Figure 3Positive and negative segmentation signs.

Evolution of LSS {#sec4}
================

The initial event is disc degeneration, which leads to narrowing of the disc space and settling of the motion segment. This is followed by a buckling of the ligamentum flavum, which leads to a state of microinstability ([Figure 4](#fig4){ref-type="fig"}).[@bib10] Depending on the anatomic predisposing factors, the vertebra develops either anterolisthesis or retrolisthesis. With the development of listhesis, an abnormal motion leads to the formation of bony spurs, subchondral sclerosis, and hypertrophy of facets and ligaments. The combined effects of mechanical static compression along with dynamic compression aided by the movement and buckling of ligamentum flavum lead to a variable degree of stenosis and manifest clinically in terms of pain or neurogenic claudication.Figure 4Pathophysiology of degenerative lumbar stenosis.

Surgical Management in LSS {#sec5}
==========================

The primary goal of surgical intervention in LSS is to decompress the neural structures that are being encroached upon, to relieve the symptoms, and improve the function. The surgical approach may vary according to the location of the stenosis, the number of segments affected, associated deformity or spinal instability, history of previous surgery, patient\'s general condition, and the surgeon\'s preferences. The various approaches to achieve decompression include traditional laminectomy, bilateral laminotomies, bilateral decompression through unilateral laminotomy, and different forms of laminoplasty ([Figure 5](#fig5){ref-type="fig"}).[@bib11] Decompression of the neural structures generally focuses on relieving the leg symptoms (claudication or radiculopathy) associated with LSS and less on improving any accompanying back pain. Therefore, although back pain does improve, the improvement in leg pain is usually greater. Patients with LSS and predominant leg pain have better surgical outcomes and a greater relative improvement than do patients with predominant back pain or equally bothersome pain in the legs and the back.[@bib11] To treat the LSS by decompression alone or decompression with fusion is an old controversy. Many kinds of lumbar fusion techniques via different approaches have been described, including posterior/posterolateral lumbar fusion, posterior lumbar interbody fusion, transforaminal lumbar interbody fusion, and oblique lumbar interbody fusion.[@bib12] Since there is a lack of evidence for advantages of fusion, the fusion surgery should be restricted to those with spinal instability, spinal deformities, or neuroforaminal stenosis with compressed exiting nerves caused by postsurgical disk collapse.[@bib13] One of the major controversies about surgery for spinal stenosis is the role of spinal fusion. Spinal arthrodesis to achieve spinal fusion has generally been recommended for spinal stenosis associated with degenerative spondylolisthesis, recurrent stenosis after previous decompression, instability, or scoliosis. A recent clinical practice guideline by Resnick et al.[@bib14] recommended that "in the absence of deformity or instability, lumbar fusion has not been shown to improve outcomes in patients with isolated stenosis," and therefore it is not recommended (grade C recommendation). Similarly, guidelines from the North American Spine Society recommend that in the absence of associated scoliosis or spondylolisthesis, "decompression alone is suggested for patients with predominant leg symptoms without instability" (grade B).[@bib15]Figure 5Various stabilization procedures for lumbar spine. ALIF, anterior lumbar interbody fusion; OLIF, oblique lumbar interbody fusion; XLIF, extreme lateral interbody fusion; LLIF, lateral lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion; PLIF, posterior lumbar interbody fusion.

Surgical Rationale: Decompression with or without Fusion {#sec6}
========================================================

The rationale of the management of LSS is to regulate intraspinal pressure, blood flow, and metabolic status of neural structures by decompression of the neural elements and reducing the inflammatory process.[@bib16] The options for conservative management in LSS include drugs, physiotherapy, spinal injection, lifestyle modification, and multidisciplinary rehabilitation. These may be beneficial in the early stages of the disease with mild symptoms.[@bib17] When the patient\'s symptoms progress to moderate and severe, surgery may prevent a further decrease in function. However, it is important to emphasize that if a patient presents with true motor weakness, sphincter dysfunction, or other signs of acute cauda equina syndrome, prompt surgical evaluation and consideration of urgent decompression is the appropriate first step. Zaina et al.[@bib18] in the Cochrane database systematically reviewed the surgical versus nonsurgical treatment for LSS. They concluded that there were still no updated recommendations and no superiority between the various treatment options, which may suggest that the clinician should be very careful in informing their patients. Another meta-analysis conducted by Ma et al.[@bib19] concluded that surgically treated patients had better long-term clinical outcome, despite a greater complication rate. Stenosis may present in isolation, with or without a disc bulge or herniation, or can be associated with degenerative spondylolisthesis or degenerative scoliosis. The presence or absence of spondylolisthesis with stenosis makes a significant difference in the management of such patients. Weinstein et al.[@bib20] reported that in patients with concomitant spondylolisthesis and stenosis, surgery showed substantially greater improvement in the pain and function during a period of 2 years. Pearson et al.[@bib21] also showed similar results, with the surgical approach being superior to conservative management irrespective of listhesis grade, disc height, or mobility. Also, a systematic review conducted by Carreon et al.[@bib22] showed that spondylolisthesis treated with fusion had a better improvement in the Oswestry Disability Index (ODI) and Short Form-36 (SF-36) scores irrespective of the fusion technique, provided that the fusion was performed for an established cause like spondylolisthesis and predominant back pain.

Based on these studies, careful selection of patients is an important step in the management of these patients.[@bib22] It is also important to recognize and prevent iatrogenic instability by preserving at least 50% of the facet joint. Sun et al.[@bib23] followed 42 patients with decompression with multisegment LSS with single-segment degenerative spondylolisthesis. They demonstrated no iatrogenic instability. They stated that adequate and effective decompression of the affected nerve root can be achieved by hemilaminectomy, or undercutting decompression of the lateral recess, with care taken to preserve at least 50% of the facet joint, minimizing disruption of biomechanical integrity. They also took care to avoid injuring the joint capsule during exposure or screw insertion to protect the facet joint. Guha et al.[@bib24] did a systematic review of 24 studies involving 2496 patients, assessing both open laminectomy and minimally invasive bilateral canal enlargement. Instability was seen more frequently in patients with pre-existing spondylolisthesis (12.6%) and in those treated with open laminectomy (12%). Reoperation for instability was required in 1.8% of all patients and was greater for patients with preoperative spondylolisthesis (9.3%) and for those treated with open laminectomy (4.1%).

The historical indications proposed in 1995 by Hanley[@bib25] for lumbar spinal fusion were isthmic spondylolisthesis, unstable spinal stenosis syndromes (degenerative spondylolisthesis, degenerative scoliosis), and in patients with objective segmental instability. However, apart from a better understanding of the pathophysiology, little has changed in the indications of fusion. Detwiler et al.[@bib26] concluded that clear indications for fusion include iatrogenic instability, isthmic spondylolisthesis, kyphosis, stenosis that develops at a previously decompressed segment, stenosis adjacent to a previously fused lumbar segment, radiographically proven dynamic instability with pain or neurologic findings, adult scoliosis, and mechanical back pain. Relative indications for the use of spinal instrumentation in the setting of spinal stenosis include correction of deformity, recurrent spinal stenosis with instability, degenerative spondylolisthesis, adjacent-segment stenosis with instability, and multiple level fusions. Fusion is rarely indicated in the setting of routine discectomy, abnormal radiographs without appropriate findings (such as degenerative disc disease), facet joint syndrome, failed back surgery, or stable spinal stenosis.[@bib26]

To Fuse or Not {#sec7}
==============

Shen et al.[@bib27] performed a comprehensive meta-analysis that included the 5 most recent and cited RCTs to compare fusion with simple decompression, enrolling 438 patients. Pooled analysis showed no significant differences between decompression alone and fusion groups for the ODI scores at the baseline (*P* = 0.50) and 2 years\' follow-up (*P* = 0.71), and the satisfaction rate of operations was also similar for the groups (*P* = 0.53). However, operation time (*P* = 0.002), blood loss (*P* \< 0.00001), and length of hospital stay (*P* = 0.007) were remarkably greater in the fusion group. Furthermore, there was no difference in the reoperation rate between these 2 groups (*P* = 0.49).[@bib27] In our study, the only 3 recent RCTs included are shown for comparison in [Table 1](#tbl1){ref-type="table"}.[@bib28], [@bib29], [@bib30] The baseline issue of enrolled patients should not be neglected, which comprises the demographic and commodity hallmarks characterized by the Charlson comorbidity index.[@bib31] An increasing amount of evidence suggests that obesity and overweight, increasing age, cigarette smoking, anemia, dependent functional status, and malnutrition are determinant factors affecting the clinical outcome or adverse effects of lumbar surgery.[@bib32] Furthermore, it should be stressed that the notion of microstability, as well as the status of adjacent facet degeneration, are critical preoperative considerations to minimize the reoperation rate due to adjacent-segment disease.[@bib33] The comparison of clinical outcomes in randomized clinical trials might be more convincing if we eliminate the bias, by embracing the patient\'s baseline. Peul and Moojen[@bib15] point out that ODI is a more of a disease-specific index for evaluating the clinical outcome of LSS than SF-36. Apart from these 2 indexes, there are a variety of commonly used parameters, including a visual analog scale for back and leg pain, the EuroQol-5 questionnaires,[@bib34] novel lumbar stiffness disability index,[@bib35] and Roland--Morris Disability Questionnaire.[@bib36] Given the great clinical significance determining the welfare of millions of patients with LSS, adding clinical indexes might enhance the power of the evidence and address doubts in the terms of differences in SF-36 and ODI. [Table 2](#tbl2){ref-type="table"} shows the comparative qualitative assessment of studies. Apart from the strong evidence provided by Försth et al.[@bib30] and Ghogawala et al.,[@bib28] there are inferior levels of evidence supporting the newly formed consensus. Sigmundsson et al.[@bib34] analyzed the impact of adding fusion to decompression on the clinical outcome of 1624 patients with LSS using the VAS, EuroQol-5 questionnaires, ODI, and SF-36 as measurable variables. Their conclusion supplemented the results proposed by Försth et al.[@bib30] Even in a setting in which fusion is indicated for patients with LSS, long-term follow-up studies indicate that fusion without instrumentation is linked with decreased costs and similar clinical outcomes. At present, no unanimous criteria exist among the RCTS to identify what constitutes true instability. Hence, whether fusion was performed for actual instability or not remains controversial and the results unconvincing. At this point, the overcautious issue expands to not only lumbar degenerative diseases but spinal fractures and lumbar isthmic spondylolisthesis. The spinal community seems to have evolved into the non-instrumentation trend. This can probably be explained by the fact that it took 3 decades to accept pedicle screws as a standard technique in the 1990s. Thereafter, there has been a rapid increase in the global instrumentation industry. Consequently, the issue of overtreatment attracted more and more attention in the scientific community. According to these literature reviews, the World Federation of Neurosurgical Societies Spine Committee proposed and voted upon the statements as follows: Statement 1: In patients with LSS and no sign or symptoms of instability and predominant leg pain, decompression alone is recommended. All expressed a positive vote to this statement with a strong consensus (88% voted 5 of the Linkert scale \[LS\], 12% voted 4 of LS). Statement 2: In patients with stenosis and stable spondylolisthesis, fusion is not mandatory and decompression alone is suggested. This statement reached a strong positive consensus (38% voted 5 of LS; 50% voted 4 of LS and 12% voted 2). Statement 3: Unstable spondylolisthesis with symptoms may require fusion. All expressed a positive vote to this statement with a strong consensus (63% voted 5 of LS; 12% voted 4 of LS and 25% voted 3). Statement 4: If the main complaint is mechanical axial low back pain, more than leg pain, this is suggestive of spondylolisthesis and the patient may benefit from a fusion surgery. This statement did not reach a consensus (25% voted 5 of LS; 25% voted 4 and 12% voted 3 of LS; 12% voted 1 of LS; 25% voted 2 of LS). Statement 5: Patients with LSS and loss of sagittal balance, if symptomatic, may benefit from decompression, fixation, and deformity correction surgery. This statement reached positive consensus (25% voted 5 of LS; 25% voted 4 of LS and 25% voted 3 of LS; 12% voted 1 of LS; 13% voted 2 of LS). Statement 6: Fusion may be advisable in patients who undergo bilateral facetectomy of more than 50% and bilateral discectomy. This statement reached positive consensus (38% voted 5 of LS; 25% voted 4 of LS; 12% voted 3 and 25% voted 2 of LS). Statement 7: Facet joint effusion alone is not proven to correlate with stability. This statement reached a strong positive consensus (25% voted 5 of LS; 38% voted 4 of LS and 25% voted 3 of LS; 12% voted 2 of LS).Table 1Comparison of 3 RCTS (Patients, Procedures, and Outcome)CharacteristicsStudyFörsth et al., 2016[@bib30]Ghogawala et al., 2016[@bib28]Inose et al., 2018[@bib29]Study designRCTRCTRCTPatients2336685InterventionD = 120, F = 133D = 35, F =31D = 29, D + F = 56Follow-up5 years4 years5 yearsOutcomeODI score, EQ-5D score, VAS score for back and leg pain, ZCQ score, operation time, blood lossSF-36, ODI score, blood loss, hospital stays, operation timeJOA, blood loss, hospital stay, VAS for leg pain and back painResultNo difference between fusion and decompressionNo differenceNo difference[^1]Table 2Quality of StudiesStudyAdequate RandomizationAllocation ConcealmentBinding Outcome AssessorSimilar Timing of Outcome AssessmentOverall Quality (10) MaxFörsth et al., 2016[@bib30]YesNoNoYes7Ghogawala et al., 2016[@bib28]YesYesYesYes9Inose et al., 2018[@bib29]YesNoYesYes8Sigmundsson et al., 2015[@bib34]NoNoNoYes5

World Federation of Neurosurgical Societies Recommendations for Fusion Surgery for LSS {#sec8}
======================================================================================

•In patients with LSS and no sign or symptoms of instability and predominant leg pain, decompression alone is recommended.•In patients with stenosis and stable spondylolisthesis, fusion is not mandatory and decompression alone is suggested.•Unstable spondylolisthesis with symptoms may require fusion.•There is no consensus if the main complaint is mechanical axial low back pain, which is more than leg pain, the patient may benefit from a fusion surgery.•Patients with LSS and loss of sagittal balance, if symptomatic, may benefit from decompression, fixation, and deformity correction surgery.•Fusion may be advisable in patients who undergo bilateral facetectomy of more than 50% and bilateral discectomy.•Facet joint effusion alone is not proven to correlate with stability.
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[^1]: RCT, randomized controlled trial; ODI, Oswestry Disability Index; EQ-5D, EuroQol-5 questionnaire; VAS, visual analog scale; ZCQ, Zurich Claudication Questionnaire; SF-36, Short Form-36; JOA, Japanese Orthopaedic Association; D, decompression; F, fixation.
